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Abstract
Brood parasitism of song sparrow (Melospiza melodia) nests by brown-headed
cowbirds (Molothrus ater) leads to a 50% reduction in the number of female offspring
that survive to day 6 post-hatch and to fledging age. It has been proposed that this effect
can be explained by size-based competition. The cowbird is larger than male sparrow
nestlings, which are in turn larger than females. It is thought that the females cannot
compete successfully against these two larger classes of nestling competitors, and suffer
higher rates of mortality as a result. I tested this hypothesis by adding a large
conspecific nestling to just-hatched sparrow nests to determine whether large competitor
size alone is sufficient to cause female-biased mortality. I found no evidence that a large
added nestling caused increased female mortality, but I observed decreased growth of
host nestlings in general, and an increase in the mortality rate.

Keywords: brood parasitism, Brown-headed Cowbird, Melospiza melodia, Molothrus
ater, nestling competition, sex ratios, sexual size dimorphism, sibling competition, Song
Sparrow

Co-authorship
Dr. Liana Zanette will be the second co-author on the manuscripts to be
published from the data in this thesis. Liana provided important expertise and assistance
throughout the project. Her contributions to the study design, data collection and
analysis, and manuscript development were invaluable. The majority of the funding
required to conduct the extensive field work was provided through Liana’s NSERC
grants.
Dr Michael Clinchy will be the third co-author on the manuscripts to be
published from the data in this thesis. Dr. Clinchy provided expertise and insight during
the design of the project, and his technical and logistical contributions to the project—
especially in the field—were instrumental to its success.

IV

Acknowledgements
I wish to first thank my supervisor, Dr. Liana Zanette, for her abundant patience,
focused counsel, and enthusiastic support during my Master’s degree. I am thankful to
Liana for the opportunity to work with her on this project, and to learn the skills and
knowledge that I have accumulated over the past years. I also wish to extend my thanks
to Dr. Michael Clinchy, who has provided both professional and personal support
throughout this project. His assistance with technical matters in the field, as well as in
designing presentations and posters, has been gratefully received. I would like to
acknowledge and thank the members of my advisory committee, Dr. Paul Handford and
Dr. Jeremy McNeil, whose advice and commentary on my thesis have been invaluable.
Appreciation is extended to Parks Canada and the owners of Tortoise Island for
supporting this project by allowing the use of their land for study sites. Very special
thanks to Beryl Clinchy for providing us a space to work and store our equipment, as
well as some very tasty meals. To my assistants, Marek Allen and Elspeth Longridge, I
cannot thank you enough for the hard work and dedication you brought to the field.
Thank you to Marc Travers for his expertise and assistance at the beginning of the
research season. Cynthia Payne performed many hours of lab work on my behalf, for
which I am grateful.
My time at Western has been characterized by a friendly atmosphere and pleasant
company. I would like to express my appreciation for the people of the Department of
Biology, particularly the office support staff, for creating an environment that has
ensured my success. Special acknowledgements go to my friends at For The Love of
v

Wine, the Western wine club, with whom I shared some of my most memorable
evenings. I would also like to acknowledge my grad club trivia team, especially Jasna
Todorovic, who is made of sweetness and awesome, and Mike Burrell, who can actually
answer questions about the CFL that the rest of us would never get in a million years.
I wish to thank my family for their support. My daughter Eve and my son
Darwin missed their father badly during my extended absences in the field, and seeing
them online on my days off gave me renewed strength and determination. I cannot begin
to express the appreciation I have for my wife, Catherine Carriere, for her endless
support and sacrifice, without which this thesis would not have been possible. 1 would
also like to thank my mother, Pauline DeCaire, who graciously provided babysitting and
moral support when stress and pressure were at their worst.
Finally, I would like to acknowledge the financial support through grants
provided to Dr. Liana Zanette by the Natural Sciences and Engineering Research
Council of Canada (NSERC). NSERC also supported my graduate enrolment in the
form of a Post-Graduate Scholarship. Further financial support for this project was
provided by the Canadian Ornithological Society, who granted me the James L. Baillie
award in support of my research. The University of Western Ontario supported my
efforts with a Western Graduate Thesis Research Award.

VI

Table of Contents
Certificate of Examination.................................................................................................. ii
Abstract...............................................................................................................................iii
Co-authorship......................................................................................................................iv
Acknowledgements..............................................................................................................v
Table of Contents.............................................................................................................. vii
List of Tables......................................................................................................................ix
List of Figures......................................................................................................................x

1. Introduction...................................................................................................................... 1
2. Methods............................................................................................................................ 9
2.1 Study Species............................................................................................................9
2.2 General Methods.......................................................................................................9
2.3 Cross-fostering Experiment.....................................................................................10
2.4 Measurement of Nestlings....................................................................................... 11
2.5 Molecular Sexing.................................................................................................... 11
2.6 Behavioural Trials................................................................................................... 12
2.7 Video Analysis........................................................................................................ 14
3. Statistical Methods......................................................................................................... 15
3.1 Clutch and Brood Sizes........................................................................................... 15
3.2 Mortality and Sex Ratios......................................................................................... 15
3.3 Begging Behaviour.................................................................................................. 16
3.4 Parental Provisioning.............................................................................................. 17
3.5 Added Nestlings...................................................................................................... 18
3.6 Host Nestling Morphology......................................................................................19
vii

21

4. Results

4.1 Clutch and Brood Sizes...........................................................................................21
4.2 Mortality and Sex Ratios.........................................................................................21
4.3 Begging Behaviour..................................................................................................23
4.4 Parental provisioning...............................................................................................25
4.5 Added Nestlings......................................................................................................29
4.6 Host Nestling Morphology......................................................................................31
5. Discussion......................................................................................................................34
6. References......................................................................................................................46
Curriculum Vitae.............................................................................................................. 55

viii

List of Tables
Table 1: A comparison of measurements of four behavioural traits related to begging
success in song sparrow nestlings, compared across treatment and feeding status.
Means (± SE) and test statistics are given for each trait. Comparisons are for
broods subjected to a larger conspecific (Addition) versus those in unmanipulated
control nests (Control), and for nestlings that were either fed by parents (Fed) or
left unfed (Unfed) during feeding bouts...........................................................................24
Table 2: A comparison of measurements of four behavioural traits related to begging
success in song sparrow nestlings that were fed during feeding bouts, compared
across treatment and sex. The means (± SE) and test statistics are given for each
trait. Comparisons are for broods subjected to a larger conspecific (Addition)
versus those in unmanipulated control nests (Control), and for male and female
nestlings, including the interaction statistic for treatment vs. sex for each of the
four traits........................................................................................................................... 26

IX

List of Figures
Figure 1: Mortality in song sparrow nests with an added larger conspecific (addition)
compared to unmanipulated control nests (control). Part (a) illustrates the
proportion (± SE) of nests that suffered at least one nestling mortality before day
6. Part (b) shows the overall proportion of nestlings that died in each treatment.
Part (c) shows proportional mortality of male and female nestlings in addition
(open boxes) and control (shaded boxes) treatments....................................................... 22
Figure 2: The number of seconds difference (± SE) between parental arrival and the
beginning of begging by song sparrow nestlings that are successful at acquiring
food during begging bouts. Open boxes denote males, and closed boxes denote
females. Begging start time is compared between in nests containing an added
larger conspecific (addition), or in unmanipulated control nests (control).
Negative numbers indicate that begging begins before the parent arrives at the
nest.................................................................................................................................... 27
Figure 3: The mean number of times (± SE) each song sparrow nestling is fed during a
two-hour observation period for male and female host nestlings in nests that were
manipulated to contain an added conspecific nestling..................................................... 28
Figure 4: A comparison of mass and right tarsus length (± SE) of brown-headed cowbird
chicks in song sparrow nests in 2005 (cowbird) versus song sparrow nestlings
that were placed into nests with conspecific host nestlings that were two days
younger than the added nestlings (added) versus the host nestlings from those
nests (host). Measurements were taken 6 days after hatch of the host nestlings.............30

Figure 5: Comparisons of mass (a), right tarsus length (b), mass growth rate (c), and
tarsus growth rate (d) in day 6 song sparrow nestlings in nests which contain an
added larger conspecific (addition) or unmanipulated control nests (control).
Error bars are ± SE............................................................................................................32

XI

1

1. Introduction
Populations that have a 1:1 sex ratio under ideal conditions are often at an
increased risk of extinction if conditions cause inequalities in male and female numbers
(Melbourne and Hastings 2008). The effects of biased sex-ratios on populations are
expected to be particularly damaging to those populations if females are more
susceptible to mortality, based on the conventional assumption of many demographic
models that females are the limiting sex (Engen et al. 2003, Lande et al. 2003). This
means that environmental conditions that cause sex-specific mortality in a population
can lead to the decline of that population (Kelly et al. 2001, Cotton and Wedekind 2008,
Schmickl and Karsai 2010). Identifying these sorts of conditions is therefore important
for conservation and management of at-risk populations.
Mortality of offspring is frequently sex-specific. It has been shown that for many
sexually dimorphic species the larger sex is at a disadvantage due to its higher nutritional
requirements, and that this can lead to greater environmental sensitivity of the larger sex
(Clutton-Brock et al. 1985, Clutton-Brock 1986, 1991). However, this is not always the
case. It is common for competitive ability to be unequal between siblings of different
sexes (reviewed in Raberg et al. 2005, Uller 2006). Research, especially on avian
species, has found that larger size can be advantageous when competing for food
provided by the parents. As a result, the smaller sex is sometimes more sensitive to
situations in which there is strong sibling competition (reviewed in Uller 2006). The
majority of the research in this area has been performed on one species, the great tit
{Parus major). In the earliest study to propose that small size is disadvantageous in
competition for parental food provisioning, Dhondt (1971) found that in food-poor years,
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more male great tit nestlings fledge than do females. Smith et al. (1989) performed a
brood size manipulation experiment on great tit nests, and found that a higher proportion
of males survived in enlarged than in reduced broods. A similar study performed by
Nicolaus et al. (2009) found that experimentally increasing brood size caused an increase
in female mortality. Raberg et al. (2005) observed that in blue tits (Parus caeruleus),
brood enlargement caused a reduction in size at fledging of both male and female
nestlings, but reported that female size was more strongly reduced. These sorts of sexspecific effects are suspected to be due to competitive inequalities between male and
female nestlings on the basis of size. To test this hypothesis, Oddie (2000) performed a
cross-fostering experiment in which large (day 4) great tit nestlings and small (day 2)
nestlings were placed together into the same nests, and the growth and mortality of the
nestlings were examined to determine whether size provided an advantage in
competition. She found that there was more sexual size dimorphism amongst the small
nestlings than amongst the large nestlings. The small females suffered depressed growth
relative to their male counterparts. Although Oddie could find no differences between
the sexes in terms of mortality, she interpreted her results as showing that male-biased
sex ratios under poor rearing conditions in great tit nests may be explained by superior
competitive ability on the part of the male nestlings.
One factor that can decrease the quality of conditions at the nest is parasitism.
Exposure to parasites of all sorts can degrade conditions within the nest leading to
increased competition between nestlings for food (Christe et al. 1996, Kilner et al. 2004,
Reed et al. 2008), and one sex may be more negatively affected by the parasitism than
the other (Tschirren et al. 2003, Bize et al. 2005).
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A form of parasitism that has been of interest to avian researchers is interspecific
brood parasitism, in which the brood parasitic species lays its eggs in the nests of other
species, who must bear the costs of raising the brood parasite’s offspring. Brood
parasites are known to have exaggerated visual and behavioural begging signals that
attract parental attention and give them an advantage over the host offspring. For
example, the nestlings of the (European) common cuckoo (Cuculus canorus) evict the
nestlings of their host, the reed warbler (Acrocephalus scirpaceus), from the nest so that
only the cuckoo nestling remains, and attract parental attention by mimicking the sounds
produced not just by a single warbler chick, but by an entire brood of warbler chicks at
once (Davies et al. 1998). However, many brood parasites do not evict the host
offspring, but instead compete with them for food brought by the host parents (Davies
2000). Brood-parasitic finches of the genus Vidua have elaborate and highly visible
gape markings that match the markings of their hosts, the Estrildid finches. Hauber and
Kilner (2007) suggest that these markings are the result of an evolutionary arms race
with the hosts, in which the parasitic offspring develop novel visual cues that stimulate
the host parents to feed them, and the host offspring must mimic the parasite in order to
compete effectively. Brown-headed cowbirds (Molothrus ater) exaggerate components
of their begging display when competing with host offspring for parental food
provisioning. Cowbird chicks respond more quickly to feeding stimuli, and beg for a
longer period than do host offspring (Dearborn 1998). Cowbird chicks also beg in
response to a wider range of stimuli, and reach higher for food than do the host offspring
(Dearborn 1998). The effect of the exaggerated behaviours displayed by non-evicting
brood parasites is to cause host parents to feed the brood parasitic nestling at the expense
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of feeding their own offspring, and because of this the presence of a brood parasite can
degrade conditions in the nest (Davies 2000).
Brown-headed cowbirds (hereafter: cowbirds) are a common North American
brood parasite of the family Icteridae that lays its eggs in the nests of over 200 species
(Dearborn and Lichtenstein 2002), successfully parasitizing at least 144 of them (Davies
2000). They can reduce the reproductive success of their hosts (Smith et al. 2000, Smith
et al. 2002, Zanette et al. 2007) and have been implicated in the population declines of
several endangered species, including Kirtland’s warbler (Dendroica kirtlandii), blackcapped vireo ( Vireo atricapilla), least Bell’s vireo (Vireo bellii), and southwestern
willow flycatcher (Empidonax trailin') (Davies 2000).
Cowbirds can cause host offspring mortality through the activity of the cowbird
chick, which is described as having exaggerated begging behaviours that serve to
outcompete host nestlings for parental food provisioning (Dearborn 1998, Dearborn et al.
1998, Hauber 2003, Kilner et al. 2004). Host offspring mortalities that result from
cowbird parasitism can lead to a male-biased sex ratio because female host offspring
suffer a higher rate of mortality when cowbirds are present in the nest. Zanette et al.
(2005) found that when parasitized by cowbirds, song sparrows {Melospiza melodia)
reared half as many female offspring as they did in unparasitized nests. The researchers
suggested that this reduction in female numbers could be explained by an increase in
competition between the male and female nestlings similar to that observed in great tits,
induced by the presence of the cowbird. It was suggested that this sharp reduction in
female numbers could significantly affect host demography, and that this pattern of
female-biased mortality may be widespread among cowbird host species. If so, it would
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explain why cowbirds are able to affect host populations so dramatically, but it is not
clear whether these results can be generalized across different host species.
The traits which allow cowbirds to compete with host offspring are welldocumented (see above), but it has not yet been determined which of these traits are the
most effective at procuring food from host parents. The parents of host nestlings often
follow a “laissez-faire” strategy, in which they feed the nestling that is closest to them,
and the height to which each nestling can reach often determines which nestlings are fed,
with the highest-reaching nestlings being fed more often (Smith and Montgomerie 1991,
Teather 1992, Leonard et al. 1994, Leonard and Horn 1996). Cowbirds are often larger
and able to reach higher toward the provisioning parent than host nestlings (Smith et al.
2000, Lichtenstein and Sealy 1998). Cowbirds have a shorter incubation period than
expected based on body size analysis of parasitic and non-parasitic members of the
Family Icteridae, and this allows the cowbird to hatch earlier than many of their host
species (Briskie and Sealy 1990). When the cowbird hatches earlier than its host
nestmates, this head start can create a large asymmetry in size (e.g. Marvil and Cruz
1989), and hatching early gives the cowbird an early start at food acquisition that can
give it an opportunity to grow large quickly and gain a size advantage before the host
nestlings have even begun to hatch (Hatch 1983).
This size advantage appears to be critical to the success of cowbird nestlings.
Cowbirds are larger than the majority of their hosts (Dearborn 1998) and all of their 17
most favoured ones (Dunning 2008). Cowbird nestlings outcompete the nestlings of
species that are smaller or hatch later, and can often cause host offspring mortality
(Briskie and Sealy 1987, Redondo 1993, Robinson et al. 1995). They are also successful
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at parasitizing the nests of similarly-sized species, but cause less host offspring mortality
in these nests (Smith 1981, Weatherhead 1989). However, cowbirds are less likely to
successfully out-compete host nestlings that are larger than they are (c.f. Scott and
Lemon 1996), and increase their begging effort (as measured by time spent begging)
when in competition with similar-sized or larger host nestmates (Rivers 2007).
Furthermore, Lichtenstein and Sealy (1998) placed cowbird nestlings into paired
competition with yellow warbler (Dendroica petechia) nestlings of various sizes. In
naturally parasitized nests yellow warbler nestlings are usually smaller than the
cowbirds, but in this study the relative sizes of host and parasitic nestlings were varied,
which meant that some cowbirds were smaller than their warbler nestmates. The
cowbird nestlings were able to outcompete the warbler nestlings as long as the cowbirds
were larger than the warblers, but when the cowbird and warbler were similar in size, the
cowbird performed no better than the warbler.
If the size of the cowbird is sufficient to increase competition within the host
nest, then male-biased host offspring sex ratios should be observed in parasitized nests of
hosts that are smaller than their offspring. On the other hand, if cowbirds rely on
begging cues that are independent of their size, then sex-biased mortality in host
offspring might be idiosyncratic across host species, and the female-biased mortality
observed by Zanette et al. (2005) might only be found in the song sparrow-cowbird
system. Cowbirds are known to have exaggerated size-independent begging behaviours
that may allow them to outcompete host offspring for parental food provisioning
(Dearborn 1998, Dearborn et al. 1998, Hauber 2003, Kilner et al. 2004). For example,
loud, persistent begging calls are known to increase the amount of food provided to
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nestlings by the parents (Kilner 2002). Cowbirds are known to make begging calls at
high volume (Briskie et al. 1994, Dearborn 1999, Pagnucco et al. 2008). Song sparrows,
by contrast, have extremely quiet begging calls that may be part of a strategy of cryptic
nesting (Briskie et al. 1994, Pagnucco et al. 2008), and they may be particularly
susceptible to manipulation by parasites with begging calls that are louder than those of
the host nestlings (Dearborn 1999).
I hypothesized that it is primarily the larger size of the cowbird, rather than its
size-independent traits, that causes a sex ratio skew in the host offspring. In an effort to
isolate size from the cowbird-specific traits that might also influence competition for
parental food provisioning, I performed a cross-fostering experiment using conspecific
nestlings. I placed larger (2-day-old) conspecific nestlings into the newly hatched (day
0) nests of song sparrows (addition treatment), and compared these nests to
unmanipulated control nests. I examined the effects of the added nestling on host growth
and begging behaviour, and on mortality and sex ratios amongst host nestlings. I used 2day-old nestlings because data from previous years (L. Zanette, unpublished data)
indicated that at 2 days there would be an obvious difference in size between the host
and added nestlings, and that the size of the added nestlings when the host nest was 6
days old would approximate the size and mass of cowbird nestlings naturally parasitizing
a sparrow nest of that age.
I measured host offspring sex ratios at day 6 post-hatch, and predicted that if
female host offspring are more likely to die than males because the larger size of the
cowbird heightens competition, then there would be male-biased sex ratios by day 6 in
the addition treatment, as well as greater female host nestling mortality in those nests,
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compared to controls. However, if the presence of a cowbird nestling leads to femalebiased mortality due to begging behaviours that are cowbird-specific and independent of
their size then I expected that there would be no effect on female mortality or host
offspring sex ratios. Next, I investigated nestling competition. I expected that if the size
of the added nestling gives it an advantage over host nestlings, then the added nestlings
would reach higher than host nestlings while begging, and receive more food than hosts
did.
If the added nestling has an advantage, host nestlings should be negatively
affected. I predicted that addition host nestlings would exhibit behaviours consistent
with being more competitive in the nest to a greater degree than control nestlings would,
to compete with the added nestling; despite this, I expected that host nestlings would be
outcompeted by the added nestling and as a result receive less food than control
nestlings. Moreover, if the added nestling enhances competition between male and
female host nestlings, I expected that male host nestlings would exhibit behaviours
consistent with being more competitive in the nest to a greater degree than female host
nestlings would, resulting in males receiving more food.
Finally, I looked at the effects of begging success on morphology. As a result of
the increased competition in the nest, I expected that host nestlings in the addition
treatment would be smaller and lighter than host nestlings in the control treatment, and
female host nestlings would be smaller and lighter than male host nestlings.
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2. Methods
2.1 Study Species
Song sparrows are small songbirds found throughout North America. They show
sexual size dimorphism, males being approximately 10 % larger than females
(Hochachka and Smith 1991). While many populations are migratory, those around
southern Vancouver Island are resident, and during the breeding season (April-August)
they can rear up to 3 or 4 broods each year. A clutch may contain 2 to 5 eggs, while the
average is 3 or 4. Clutches are incubated for 13 days, usually beginning on the day of
laying the penultimate egg. Nestlings usually fledge on day 11 post-hatch (where day 0
is hatch day).
2.2 General Methods
I worked on the Southern Gulf Islands, BC, Canada (N48°43’30”
W123°22’00”), using 10 sites spread across several small (< 200 ha) islands (Portland
Island, Brackman Island, Russell Island, & Tortoise Islands) within 2 km of Vancouver
Island. These sites, selected based on their relatively low predator density compared to
the Vancouver Island “mainland,” (Zanette et al. 2006), consisted of old field and
disused orchard land, Garry oak scrub (Quercus garryana), and edge containing a mix of
conifers (Tsuga heterophylla, Abies grandis, Thuja plicata), alder (Alnus rubra), arbutus
{Arbutus menziesii), and aspen {Populus trichocarpa). All protocols in this experiment
were approved by The University of Western Ontario Animal Care Committee (protocol
number 2006-028-01), following the guidelines of the Canadian Council on Animal
Care, and by Parks Canada.
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From early April to late July, I located song sparrow nests mainly by using
behaviour cues from parents. Nest initiation dates were estimated by candling the eggs,
and the number and mass of eggs were measured (using a 10 g Pesola spring scale
accurate to the nearest 0.05 g) at the time of discovery. Once identified, each nest was
only visited every 2-4 days, to limit disturbance. When visited, the nests were
categorized as active, fledged (banded nestlings from the nest were identified in the
vicinity, or a parent from the nest was observed to be feeding fledglings that were not
themselves identified), or failed (the nest was destroyed by a predator, or the nest was
intact but all the nestlings were found dead, or the nest was undisturbed but fledged
nestlings were never discovered). The contents of each nest were quantified on each
visit. Nestling mortality was calculated for each nest as the number of nestlings that
survived to day 6 minus the number of nestlings that hatched, not including the added
nestling in addition nests. Since nestlings at day 8 will sometimes fledge prematurely in
response to a disturbance, I approached the nests after that time only closely enough to
determine whether the nest was empty.
2.3 Cross-fostering experiment
To examine the performance of song sparrow chicks when in the presence of a
larger nestmate, I placed one 2-day-old song sparrow in newly hatched nests (day 0) and
compared results of this ‘addition’ treatment with unmanipulated controls. The larger
conspecific is referred to as the ‘added’ nestling while the original occupants of the nest
are considered ‘hosts’. The added nestling was randomly selected from a donor nest and
transported in a soft cotton bag placed into a rigid plastic container with a foam insert to
cushion the bird. I used predicted hatch dates for each nest to pair up donor and host
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nests. In cases where more than one potential host nest was due to hatch on the same
day that a donor nest reached day 2, multiple nestlings were removed from that donor
nest and individually transported to the host nests. All introduced nestlings that were not
lost to predation survived at least 4 days and there were no nest abandonments that
occurred as a result of the manipulation. Of the added nestlings that survived until day 6,
there were an equivalent number of male and female nestlings (7 male and 7 female).
Sexes of the added nestlings were determined using the same methods used to determine
the sexes of host nestlings, as explained in sections 2.4 and 2.5 below.
2.4 Measurement of nestlings
All nests were visited on the predicted day of hatching (day 0 of brooding), and
nestlings were marked by trimming the feather lines on the top of the head uniquely. On
day 1 after hatch, the nestlings were measured for mass (using a 100 g Pesola spring
scale accurate to the nearest 0.5 g), and right tarsus length (using vernier callipers to the
nearest 0.01 mm). Blood was taken by piercing the medial metatarsal vein with a
sterilized needle and collecting a small amount on filter paper, which was then stored in
a solution of EDTA (0.1%) for the purposes of molecular sexing. On day 6 of brooding,
nestlings were colour banded for individual recognition, and they were again measured
for mass and right tarsus length as above.
2.5 Molecular Sexing
The sex of each nestling was determined by C. Payne (University of Western
Ontario), using polymerase chain reaction (PCR) amplification of genes from the sex
chromosomes (Griffiths et al. 1998). Following the guanidine-based method in Ausubel
et al. (1988), genomic DNA was isolated from the blood samples and quantified using a
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spectrophotometer (Eppendorf BioPhotometer, Eppendorf, Hamburg, Germany). PCR
amplifications were carried out in a total volume of 10 pL and included 50-100 ng DNA,
10 mmol/L Tris-HCL pH 8.3, 50 mmol/L KC1, 10 pg BSA, 2.5 mmol/L MgCl2 , 0.2
mmol/L o f each deoxynucleotide (Fisher Chemicals, Fairlawn, New Jersey,
USA), 0.5 units Taq polymerase (Fisher), and 0.2 pmol/L of each primer (P2 & P8,
described in Griffiths et al. [1998]). A Biometra T1 thermocycler was used for
thermocycling (Biometra, Gottingen, Germany). Thermocycling conditions included a
denaturing step at 94°C for 90 s, followed by 30 cycles of 48°C for 45 seconds and 94°C
for 30 s, followed by a final step of 48°C for 60 s and 72°C for 5 min. The products of
PCR were separated by electrophoresis for 50-90 min at 60-90 V, on 1.5% agarose gels
stained with ethidium bromide. In birds, females are the heterogametic sex, and so could
be identified by the presence of two distinct bands on the gel (CHD-Z, CHD-W), but
males show only one band (CHD-Z).
2.6 Behavioural Trials
I monitored 33 nests throughout the nesting period using a National Electronics
Bullet-C/IR camera positioned 10cm from the edge of each nest, connected to a custombuilt digital video recorder (DVR) located at a central location on each site. Each
camera was triggered by a motion detector and equipped with infrared LEDs so that day
and night activity could be recorded. This allowed me to determine whether nests were
still active without approaching the nest, as well as providing information on whether
nestlings had fledged, been eaten by predators, or had died and been removed by the
parents. When a nest was located, a dummy camera was mounted on a 1-inch wooden
dowel painted in camouflage colours, 2 m away from the nest. Over the course of two
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days the dummy camera was moved closer to the nest to habituate the sparrows to the
presence of the apparatus to prevent abandonment of the nest when the real cameras
were put in place. The dummy camera consisted of a short length of PVC pipe the
approximate diameter of the camera, covered with a camouflage-coloured, cloth sheath.
After the dummy cameras were in place for two days, they were replaced with the real
cameras, which were similarly camouflaged.
Using the cameras, I examined nestling begging behaviour and parental food
provisioning in two-hour video trials recorded on day 5 post-hatch, between 07:00 19:00, on fine days. I placed a portable camera at nests that were not already outfitted
with a camera attached to the permanent camera system (because the nests were not
within the 250 m range of the system), and in all cases arranged the camera so that it was
oriented almost horizontally, 10 cm from the nest rim, just above the edge of the nest and
parallel to the top of the rim, to facilitate measurement of nestling begging height. While
my ongoing video recordings were activated by motion-sensing, the trial video was
recorded continuously so that no events were missed. At the beginning of each trial, the
measurement of the field of view of the camera was calibrated by placing a high-contrast
ruler with 1 cm markings at various locations around the nest, so that begging height
measurements could be accomplished using the video recordings. Nestlings were
distinctively marked with white paint on the tops of their heads to facilitate identification
on the video recordings. Following installation of the measurement hardware and
calibration, I allowed at least 20 minutes for the female to settle back on the nest, before
beginning video and audio recording.
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2.7 Video Analysis
Each time a parent arrived at the nest with food in its bill, it was recorded as the
beginning of a new feeding bout. Just before the parent fed a nestling, the height of the
mouth of each nestling and its posture were recorded. Height was measured relative to
the nest rim using the ruler measurements calibrated at the beginning of each recording.
While I expected that height was likely to be the main determinant of begging, Leonard
and Horn (1996, 1998) suggest that the posture of a nestling might act as an indication of
the vigour with which the nestling begs and might therefore influence parental feeding
decisions. For this reason I included the nestling’s posture in the begging behaviours I
measured. The posture of nestlings was scored on a scale of 0 through 5 (based on
Leonard et al. [2003]): posture 0 indicates that the nestling was not begging at all, with
its head down and mouth closed; posture 1 indicates that the nestling had an open mouth,
but was not raising its head; posture 2 indicates that the nestling had an open mouth and
was raising its head; posture 3 is similar to posture 2, with the nestling also lifting its
breast off the bottom of the nest; posture 4 is similar to posture 3, with the nestling also
standing up on its legs; posture 5 is similar to posture 4, with the nestling also waving its
wings.
The duration of a begging bout was measured from the time the parent arrived at
the nest with food until the time that the last food item was given to a nestling. The time
at which each nestling began to beg relative to the parent’s arrival (hereafter: begging
start) was recorded for each bout, and so was the time spent begging by each nestling. I
also recorded the identity of each nestling fed by a parent, the order in which nestlings
were fed, and the time at which each was fed.
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3. Statistical Methods
3.1 Clutch and brood sizes
Since it was necessary to assign nests to treatments based on opportunity, I was
not able to ensure ahead of time that clutch and brood sizes were similar between
treatments before manipulation. To check that clutch sizes were similar between
treatments, I performed a one-way ANOVA with clutch size as the dependent variable
and treatment as the independent variable. Sometimes eggs do not successfully hatch
and the parents remove them from the nest, so the difference in unhatched eggs in one
treatment compared to the other, also could create a difference in brood sizes between
treatments. In order to determine whether clutch and brood sizes, and brood reductions
due to unhatched eggs, were similar between treatments, I performed a 1-within (clutch
size vs. number of nestlings), 1-between (treatment) repeated measures ANOVA.
Adding a nestling to each addition nest was expected to increase the mean brood size of
the addition treatment relative to the control. To verify this, I compared brood size
between treatments using one-way ANOVAs on day 0 nests in the addition treatment
after they were manipulated. Since I expected that adding an extra nestling to each
addition nest would cause an increase in brood size that might confound my results, I
included brood size as a covariate in each of the following analyses when it was
significant, as noted below.
3.2 Mortality and Sex Ratios
To examine whether losses occurred more often in the added treatment than
control, I compared the number of nests that had suffered some losses (i.e. at least one
host offspring died) between days 0 - 6 to the number of nests in which no losses
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occurred between treatments, again using the Fisher’s exact test. To examine how host
mortalities varied with sex between treatments, I carried out three, 2 x 2 contingency
tables, and used the Fisher’s exact test statistic. First, I compared the number of host
nestlings that died between days 0 - 6 to the numbers alive, between treatments. For the
second and third analyses, I compared between treatments for the number of males that
died vs. those alive, and then did the same for females. For each Fisher’s test, I
estimated the standard error using the binomial distribution.
Sex ratios were calculated at day 1 and at day 6 and compared between
treatments using a generalized linear model with a logit link function and binomial errors
(SPSS v l7.0.0). Nest identity was included as a random effect in each model to account
for between-nest variation that might cause overdispersion (Wilson and Hardy 2002).
Each model was checked for overdispersion. Proportions presented are means ± 1
standard error.
3.3 Begging Behaviour
To determine whether nestlings that have exaggerated begging behaviours were
more likely to be fed, I compared the behaviour of nestlings which were fed first on any
given begging bout to the mean values of their unsuccessful nest-mates on the basis of
four attributes: height, posture, duration, and begging start. All of these measures have
been shown to give a cowbird nestling an edge in competition for food provisioning
(following Dearborn 1998). I performed this analysis using 1-within (feeding status; fed
vs. unfed), 1-between (treatment) repeated measures ANOVA.
A parent sometimes fed more than one nestling during a feeding bout.
Subsequent feeding motions during the same feeding bout are almost always made with
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no food visible in the parent’s beak, and it appears that this is because the majority of the
food is usually deposited during the first feed of the bout. Because of this I counted a
nestling as being fed only if it was the first nestling to be fed in a bout. I examined the
behaviour of the fed host nestlings to see if there were any differences in begging
behaviour between the fed nestlings in each treatment, or between fed male and fed
female nestlings, that might explain why they were fed. This was accomplished by
performing a series of two-way ANOVAs on each of the four behavioural measures
listed above with treatment and sex as independent variables.
3.4 Parental Provisioning
To determine whether the quantity of food brought to each nest varied between
treatments, I compared the number of food provisioning visits parents made per nest with
a 1-way ANCOVA, with brood size as a covariate. I expected that host nestlings would
be fed fewer times in the addition treatment than the control, and that male host nestlings
should be fed more times than females in the addition treatment, as a result of increased
competition in the addition treatment. To test for this effect, I compared the number of
feedings per nestling across treatment and sex. I used a two-way mixed models ANOVA
with nest identity as a subject grouping variable, treatment and sex as independent
variables, and the number of times each nestling was fed as the dependent variable.
Brood size was again a significant covariate and so was included in the analysis.
Because I expected male nestlings to outcompete females and therefore be fed more
often, I compared the number of times males and females were fed using a one-way
mixed models ANOVA.
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3.5 Added Nestlings
Since the cross-fostering experiment was intended to place the host nestlings into
competition with a large competitor of similar size to the cowbird, I evaluated how the
mass and size of the added nestling compared to a cowbird. I compared the mass and
tarsus of the added nestlings to the mass and tarsus of day 6 cowbird nestlings using data
collected in 2005 from parasitized nests in the vicinity of our study sites (L. Zanette,
unpublished data). I performed two one-way ANOVAs using treatment as an
independent variable and either mass or tarsus as a dependent variable.
In order to test how the added nestling fared in competition with host nestmates, I
examined the begging behaviour of the added nestlings relative to their host nestmates.
First, I compared the number of feedings of the added vs. host nestmates within the
addition nests with a mixed models ANOVA, using nest identity as a subject grouping
variable, with “host vs. added” as the independent variable, and number of first feeds
received by each nestling per trial as the dependent variable. Next, I compared the added
nestling vs. addition host nestlings for each of my four begging measures. Each test
involved a mixed models ANOVA, using nest identity as a subject grouping variable,
“host vs. added” as the independent variable. Because parents are expected to feed the
highest-reaching nestling on each visit, which may not necessarily be the highestreaching nestling on average over time, I also tested whether the added nestlings were
most often the highest reaching nestling in a feeding bout. I performed another mixed
models ANOVA, with nestling identity as the subject grouping variable, “host vs.
added” as the independent variable, and the number of times the added nestling or a host
nestling was the highest reaching nestling as the dependent variable.
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Finally, I compared the mass and size (length of the right tarsus) of the added
nestling with their nestmates using a 1-within (“host vs. added”) repeated-measures
ANOVA. The growth rates of mass and tarsus were compared between added and host
nestlings in a similar way, to determine whether the added nestlings were increasing their
size and mass more quickly than host nestlings, which would count as further evidence
that they were receiving a larger share of the food than hosts were.
3.6 Host Nestling Morphology
I compared the day 6 mass and size (right tarsus length) of host nestlings using 2factor mixed model ANOVAs. Treatment and sex of the nestlings were included as
independent variables, and nestling age was the covariate. Next I examined the growth
rate of host nestlings, which was the difference in mass or tarsus length between day 1
and day 6 divided by the number of days of growth (i.e. 5). Growth rate was compared
using a one-way ANOVA. I anticipated that there would be higher variation in mass and
tarsus length amongst brood-mates in the addition treatment compared to controls, since
I expected that increased competition due to the larger nestling would lead to some host
nestlings being fed more than others. To evaluate differences in within-brood variability
of mass and size between treatments, the coefficient of variation for each brood was
calculated for both day 6 mass and day 6 tarsus length, and these coefficients were
compared versus treatment by a one-way ANOVA. It was necessary to transform the
coefficients of variation of both mass and tarsus length using a Box-Cox procedure to
normalize the distribution of data. In order to determine whether variability of mass and
tarsus length was due to the effects of treatment, and not due to chance, I also calculated
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the coefficient of variation of day 1 mass and day 1 tarsus length for each brood and
compared these values versus treatment by a one-way ANOVA.
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4. Results
4.1 Clutch and Brood Sizes
I located 101 nests over the course of the season over 48 territories. We were
able to add nestlings to 19 nests, and 34 nests were designated as controls. Fourteen of
the addition nests and all 34 control nests survived until day 6.
Clutch sizes were similar between treatments (addition: 3.06 ± 0.75 [mean ± 1
SE], control: 3.39 ± 0.57; one-way ANOVA; Fi 43=2.9, p=0.10). The reduction in the
number of individuals in nests from the egg to hatching stage (pre-manipulation) (clutch
size vs. number of hatchlings, 3.2 ± 0.10 vs. 2.80 ± 0.13, respectively; repeated measures
ANOVA; F| 44=16.5, p<0.001) was because some eggs did not hatch, though the number
of unhatched eggs were similar between treatments (interaction clutch size vs. number of
hatchlings x treatment; F| ,44=0.1, p=0.72). The number of offspring per nest pre
manipulation was similar between treatments (addition: 2.86 ±0.16, control: 3.16 ± 0.13;
F| ,44=2 . 1 , p=0.15), and as expected, the number of offspring post-manipulation differed
significantly, with there being more nestlings in the added treatment (3.53± 0.24) than
controls (2.82 ±0.18; one-way ANOVA; Fi^o^.b, p=0.02).
4.2 Mortality and Sex Ratios
The proportion of addition nests that lost host nestlings by day 6 was higher than
the proportion of control nests that lost nestlings (Fig. la; Fisher’s exact test; Xi=7.5,
p=0.01). Amongst nestlings, proportionately more of them died in the addition treatment
vs. the control (Fig. lb; Fisher’s exact test, x? =9.1, p=0.004). By day 6, nearly 5 times
more host nestlings had died in the addition nests (0.25 ± 0.07) compared to the controls
(0.05 ± 0.03).
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Figure 1: Mortality in song sparrow nests with an added larger conspecific (addition)
compared to unmanipulated control nests (control). Part (a) illustrates the proportion (±
SE) of nests that suffered at least one nestling mortality before day 6 . Part (b) shows the
overall proportion of nestlings that died in each treatment. Part (c) shows proportional
mortality of male and female nestlings in addition (open boxes) and control (shaded
boxes) treatments.

23

Male host nestlings suffered more mortality in addition nests than in control nests
(Fisher’s exact test, proportion of male deaths; Fig. lc; Xi =12.1, p=0.001). Male host
deaths only occurred in the addition treatment but males had

10 0 %

survival in the

controls. Host females were lost in similar proportions in the addition vs. control nests
(Fisher’s exact test; proportion of female deaths; Fig. lc; Xi =0.9, p=0.34).
Sex ratios at day 1 were similar between treatments (addition: 0.63 ± 0.07,
control: 0.59 ± 0.06; generalized linear model; Xi=0.18, p=0.68). By day 6, despite the
higher male mortality in the addition treatment and contrary to our expectations, the sex
ratios of host nestlings still did not differ between treatments (addition: 0.63 ± 0.07,
control: 0.59 ± 0.05; generalized linear model; Xi=0.02, p=0.90).
4.3 Begging Behaviour
Begging height and posture were important factors in whether or not a nestling
got fed (See Table 1 for means ± S.E. and results of statistical tests). Nestlings that
received the first feed of a feeding bout (hereafter: fed nestlings) reached significantly
higher, and had a significantly greater posture score than nestlings which were not fed
first during that bout (hereafter: unfed nestlings). However, fed nestlings did not start
begging any earlier, and they did not beg for a longer duration than nestlings that were
unfed.
All host nestlings in addition nests tried harder to obtain food, reaching higher
than did nestlings in controls (Table 1). Host nestlings in the addition treatment also had
a higher posture score, but not significantly so. There was no significant difference
between treatments in begging duration, or begging start.

Table 1: A comparison of measurements of four behavioural traits related to begging success in song sparrow nestlings,
compared across treatment and feeding status. Means (± SE) and test statistics are given for each trait. Comparisons are for
broods subjected to a larger conspecific (Addition) versus those in unmanipulated control nests (Control), and for nestlings
that were either fed by parents (Fed) or left unfed (Unfed) during feeding bouts.
Trait

Addition

Control

Addition vs. Control

Fed

Unfed

Fed vs. Unfed

Begging Height (mm)

26.1 mm ±2.7

17.8 mm ± 2.8

Fi,23=4.8

26.5 ± 1.9

17.4 ±2.1

Fi,23=100.5

N=13

N=12

p=0.04

N=25

N=25

p<0.001

2.4 ±0.1

2.0 ± 0.2

Fi,23=4.0

2.5 ±0.1

1.8 ± 0.1

Fi 23=66.8

N=13

N=12

p=0.056

N=25

N=25

p<0.001

15.6 s ± 1.0

14.2 s ± 1 .0

Fi,23=0.9

15.0 s ±0.7

14.8 s ±0 .7

Fi 23=0.26

N=13

N=12

p=0.36

N=25

N=25

p=0.61

-0.6 s ± 0.4

-0.8 s ± 0 .4

F1,23=0.1

-0.8 s ± 0.3

-0.6 s ± 0.2

Fi, 23=0.6

N=13

N=12

p=0.73

N=25

N=25

p=0.46

Begging Posture (score)

Begging Duration (s)

Begging Start (s)
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Fed host nestlings in the addition treatment reached higher (Table 2) and had a
higher posture score than fed nestlings in controls, suggesting that in order to be fed in
an addition nest, more vigorous begging was required. No other significant differences
in begging measures were found when comparing between treatments, sexes, and the
interactions (Table 2). The exception was begging start, which showed a significant sex
x

treatment interaction, whereby females in the addition group begged earlier while

males begged later relative to females and males in the control group respectively (Table
2, Fig. 2).
4.4 Parental provisioning
Parents made a similar number of feeding visits to nests in the addition and
control treatments (addition: 23.59 ± 1.93, control, 22.74 ± 1.85, one-way ANCOVA,
Fl,24=0.1, p=0.76), and nestlings in both treatments were fed a similar number of times
(addition: 7.04 ± 0.61, control: 7.78 ± 0.55; mixed models ANOVA, F i,23=0 .8 , p=0.38).
There was a trend toward male nestlings receiving more feedings per nestling than
female nestlings, but this was not significant (male: 8.05 ± 0.50, female:

6 .8 8

± 0.56;

mixed models ANOVA, F]i59=2 .9 , p=0.09). However, looking at just the nests
containing both male and female host nestlings, I found that males received more feeds
per nestling than females did, when the two sexes were in competition with one another
(Fig. 3, mixed models ANOVA, main effect sex; F i;26= 5 . 1 , p=0.03).

Table 2: A comparison of measurements of four behavioural traits related to begging success in song sparrow nestlings that
were fed during recorded feeding bouts, compared across treatment and sex. The means (± SE) and test statistics are given for
each trait in nestlings that were in nests containing an added larger conspecific (Addition) or in unmanipulated control
treatment nests (Control). Means and test statistics for each trait are also given for male and female nestlings, and the
interaction statistic is given for treatment vs. sex for each of the four traits.
Trait

Addition

Control

Addition vs. Control

Male

Female

Sex

Treatment * Sex

begging height (mm)

31.6 ± 2.1

23.5 ±2 .0

Fi,39=7.7

27.1 ±2 .0

28.1 ±2.1

Fl,39=0.1

Fl,39=0.1

N=21

N=22

p=0.01

N=23

N=20

p=0.75

p=0.82

2.8 ±0.1

2.3 ±0.1

Fi,39=7.5

2.6 ±0.1

2.5 ±0.1

Fl,39=0.2

Fl,39=0.01

N=21

N=22

p=0.01

N=23

N=20

p=0.66

p=0.91

16.0 ±0.8

14.4 ±0.8

Fl,39=1.9

15.5 ±0.8

14.9 ±0.9

Fi,39=0.2

Fi ,39=1.3

N=21

N=22

p=0.18

N=23

N=20

p=0.63

p=0.26

-1.3 ±0.5

-1.3 ±0.4

Fi ,390.001

-1.4 ±0 .4

-1.2 ±0 .5

Fl, 39=0.1

Fi,39=5.6

p=0.99

N=23

N=20

p=0.77

p=0.02

begging posture (score)

begging duration (s)

begging start (s)

N=21

N=22
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Figure 2: The number of seconds difference (± SE) between parental arrival and the
beginning of begging by song sparrow nestlings that are successful at acquiring food
during begging bouts. Open boxes denote males, and closed boxes denote females.
Begging start time is compared between in nests containing an added larger conspecific
(addition), or in unmanipulated control nests (control). Negative numbers indicate that
begging begins before the parent arrives at the nest.
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Figure 3: The mean number of times (± SE) each song sparrow nestling is fed during a
two-hour observation period for male and female host nestlings in nests that were
manipulated to contain an added conspecific nestling.
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4.5 Added Nestlings
The added nestlings and the cowbirds measured in 2005 had similar mass on day
6

(Fig. 4; one-way ANOVA; Fi, 28=0.03, p=0.86). However, added nestlings had longer

tarsi than cowbirds (one-way ANOVA; F|,28=16.0, p<0.001). The added nestlings
were much more successful than hosts in obtaining food from parents. Added nestlings
were fed first more times per nestling over the course of each trial than were addition
host nestlings (added: 10.23 feeds per nestling per trial ± 1.01, host: 7.30 feeds per
nestling per trial ± 0.75; mixed models ANOVA, F|,3o=7.3, p=0.01).
Added nestlings tended to reach higher than addition hosts, but this difference
was not significant (added: 33.70 mm ± 2.90, host: 30.58 mm ± 2.70; mixed models
ANOVA, Fi ,29=3.2, p=0.08). However, added nestlings were the highest-reaching
nestling on the first feed of each bout more times per nestling than were addition host
nestlings (added: 7.69 times per nestling per trial ± 0.97, host: 4.70 times per nestling per
trial ± 0.67; mixed models ANOVA, F i,3o=7.2, p=0.01). Despite begging higher, added
nestlings begged for a shorter duration than did addition host nestlings (added: 13.03 s ±
0.91, host: 15.96 s± 0.71; mixed models ANOVA, F i ^ l O .l , p=0.003). Begging
posture (added: 2.72 ± 0.16, host: 2.79 ±0.15; mixed models ANOVA, Fi,29=0.4,
p=0.56) and begging start time (added: -0.72 s ± 0.52, host: -1.10 s ± 0.38; mixed models
ANOVA, F,,29=0.5, p=0.51) did not differ between host and added nestlings.
The added nestlings were heavier than their host nestmates (Fig. 4, repeated
measures ANOVA, F),i2=36.4, p<0.001) and also were larger in size (repeated measures
ANOVA, F|, 12 =4 4 .3, p<0.001). However, despite the added nestlings getting more food
from the parents, growth rate did not differ between these two groups either in terms of
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Figure 4: A comparison of mass and right tarsus length (± SE) of brown-headed cowbird
chicks in song sparrow nests in 2005 (cowbird) versus song sparrow nestlings that were
placed into nests with conspecific host nestlings that were two days younger than the
added nestlings (added) versus the host nestlings from those nests (host). Measurements
were taken 6 days after hatch of the host nestlings.
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mass (added, 2.28 g/day ±0.10 vs. host, 2.14 g/day ±0.13; repeated measures ANOVA,
Fi n=1.2, p=0.31) or tarsus length (added, 2.18 mm/day ± 0.06 vs. host, 2.26 mm/day ±
0.07; repeated measures ANOVA, F),u=l.l, p=0.32).
4.6 Host Nestling Morphology
The high mortality rate in addition nests was mirrored by relatively poor nestling
condition, as the nestlings were significantly lighter and had a shorter right tarsus length
than control nestlings (mass [Fig. 5a]: mixed models ANOVA, main effect treatment;
F 1 ,37= 13.9, p=0.001; right tarsus [Fig. 5b]: mixed models ANOVA, main effect
treatment; F i,42=6 .8 , p=0.01). Nestlings in the addition nests also gained mass at a lower
rate than those in the controls, although tarsus growth rates were not significantly
different (mass growth [Fig. 5c]: one-way ANOVA; F i,33=4 .2 , p=0.049; right tarsus
growth [Fig. 5d]: one-way ANOVA; Fi,34=0 . 1 , p=0.80). Examining how nestling
morphology separated out according to sex, I found that male host nestlings were heavier
and structurally larger than females (mass: mixed models ANOVA, main effect sex;
male: 16.29 ± 0.35, female: 15.12 ± 0.44; F i,86=6.1, p=0.016; right tarsus: mixed models
ANOVA, main effect sex; male: 19.77 ± 0.23, female: 19.19 ± 0.27; F|,g7=4 .3 , p=0.04).
The mass and size differences between male and female nestlings were consistent
between treatments (mixed models ANOVA, mass: treatment x sex; Fi,g5=0 . 1 , p=0.74;
tarsus: treatment x sex;

F i,g 6 = 0 .1 ,

p=0.74).

I found that within-brood variation in host nestling mass was almost three times
greater in the addition treatment (0.16 ± 0.03) than controls (0.06 ± 0.02; one-way
ANOVA, F i,43=6 .2 , p=0.02) indicating that certain nestlings were being provided with
more food than others in the same nest. A similar trend was found for tarsus, though
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(N=12)

(N=24)

Figure 5: Comparisons of mass (a), right tarsus length (b), mass growth rate (c), and
tarsus growth rate (d) in day 6 song sparrow nestlings in nests which contain an added
larger conspecific (addition) or unmanipulated control nests (control). Error bars are ±
SE.
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here, the effect was not significant (addition: 0.06 ±0.01, control: 0.03 ±0.1; one-way
ANOVA; F,,44= 3 .7 , p=0.06). Within-brood variation in host nestling mass was similar
between treatments on day 1 (addition: 0.20 ± 0.03, control: 0.14 ± 0.02; one-way
ANOVA; F i,3 3 = 1 .8 , p=0.18), and the same was true for variation in host nestling tarsus
on day 1 (addition: 0.10 ± 0.02, control: 0.07 ± 0.01; one-way ANOVA; Fi,4i=3.17,
p=0.08).
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5. Discussion
The presence of a larger conspecific in host nests did not lead to the predicted
male-biased sex ratios at day 6 in song sparrow nests. Sex ratios were similar between
treatments when the host nestlings were

1

day old, and also were similar at 6 days old,

with little change in the proportion of male nestlings in each treatment between day

1

and day 6 . An unexpected finding was that male host nestlings in addition nests suffered
higher proportional mortality than male nestlings in controls. The males in control nests
suffered no losses at all, but males in addition nests had mortality that was similar to that
suffered by females in both addition and control treatments. The presence of the added
nestling was detrimental to host nestlings in general; hosts were five times more likely to
die in the addition treatment compared to the control. Host nestlings in the addition
treatment reached higher than control nestlings, but did not receive any more food than
control nestlings did. Moreover, addition host nestlings were smaller and lighter than
control nestlings, and added mass more slowly.
The mass of day 6 addition host nestlings was more variable than that of control
nestlings, but variation in mass was similar between treatments at day 1. Differences in
the mass of nestlings are an indication of how food has been distributed, and smaller
nestlings are more likely to die as a result of being underfed (Forbes et al. 2002, Leonard
et al. 1994). The high coefficient of variation in the addition treatment is an indication
that there are larger differences in mass amongst addition host nestlings than amongst
control nestlings. This may indicate that there were some nestlings in the addition
treatment that were being fed relatively little and were at risk of starvation before they
could fledge. It is therefore possible that the rate of mortality could have been greater in
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the addition treatment if I had recorded it after day 6 , or at the time of fledging. I did not
track mortality past day 6 because previous research into the cowbird/song sparrow
system (Zanette et al. 2005, L. Zanette [unpublished data]) has shown that mortality of
host nestlings due to a brood parasite occurs at least as early as day 6 post-hatch.
Additionally, after day 6 it became more difficult to determine whether a nestling had
died and been removed from the nest by a parent in the territories that were not equipped
with cameras, because beginning at day

8

I avoided approaching the nest closely to

prevent the nestlings from fledging prematurely. However, if unrecorded mortality did
occur in the addition treatment after day 6 , it would serve to reinforce the observation
that the addition treatment suffered more host nestling mortality than the control
treatment.
My manipulation increased the brood size of addition nests, which raises the risk
that any effects I observed were due to an increase in the number of competitors in the
nest, and not due to the size of the added nestling. However, the number of chicks in a
brood was never increased to more than 5, which is within the range of naturallyoccurring brood sizes, and 5-member broods often successfully fledge all nestlings.
Because of this, it is unlikely that increasing the brood size had an effect on host nestling
mortality. In addition, cowbirds can themselves increase brood size by adding their own
egg to a nest without breaking or removing host eggs (Zanette et al. 2007). Furthermore,
the mortality I observed in addition nests was much less than that commonly observed in
cowbird parasitized nests (Zanette et al. 2005, 2007), which suggests that it is unlikely
that brood enlargement had any effect.
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I expected that the larger size of the added nestling would allow it to outcompete
host nestmates, and that this would generate a male-biased sex ratio similar to that
observed by Zanette et al. (2005) when host nestlings are in competition with cowbirds.
Size appears to be important to the begging success of cowbirds, since it allows them to
reach higher than their nestmates and gain a large proportion of the food provided by
host parents (Dearborn 1998, Lichtenstein and Sealy 1998). I observed that the added
nestlings were the highest reaching nestlings in the nest most often, and were fed most
often. However, the added nestlings had similar begging posture and begging start times
compared to host nestmates, which suggests that parents would not be able to
differentiate between added and host nestlings on the basis of these traits. While
cowbird nestlings are known to beg for a longer duration than host nestlings (Dearborn
1998), the added nestlings begged for a shorter duration than their nestmates, presumably
because they stopped begging after being fed. Cowbird nestlings increase the rate at
which they are fed through exaggerated behaviours, including prolonged begging
duration and early begging start (Dearborn 1998). Exaggerated begging posture can also
influence parental feeding decisions (Leonard et al. 2003), but the added nestling showed
none of these exaggerated behaviours.
The presence of a larger conspecific did not lead to a male-biased sex ratio in
song sparrow nests, indicating that it is not the size alone of a brood parasite that skews
sex ratios. This suggests that there may be size-independent cues specific to the cowbird
which influence how parents distribute food within the nest. Nonetheless, it is clear that
the presence of the added nestling did have an effect on the condition and mortality of
the host offspring. These results are similar to those observed by Oddie (2000), who also
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showed that a large competitor can have negative effects on the growth of host nestlings,
even if the effects are sub-lethal. She suggested that the increased female mortality that
has been observed under poor conditions (Dhondt 1971, Smith et al. 1989, Nicolaus et al.
2009) may be due to these sub-lethal effects being exacerbated by poor conditions at the
nest. She notes that in naturally hatching clutches the hatching interval between the firstand last-hatched eggs can be between two and four days, which could cause last-hatched
females to be smaller than they would be if they were synchronously hatched, and
thereby have more difficulty competing on the basis of size. In that case poor
environmental conditions might increase the rate of mortality of those small females.
Therefore, in order for female-biased mortality to occur, there would need to be both
high nestling competition due to size and poor environmental conditions. It may
therefore be the case that in Zanette et al. (2005), the cowbird’s large size, in
combination with the additional pressure of size-independent traits, leads to mortality of
the smaller sex. However, a larger conspecific that lacks those size-independent traits is
not sufficient to cause increased female mortality in song sparrows by day 6 post-hatch.
If this is the case, it may explain the differences in sex-specific mortality between my
experiment and that of Zanette et al. (2005).
There are two models that attempt to predict which sex of a sexually dimorphic
species will be more likely to die under stressful rearing conditions. The first model
(‘males-die’) suggests that the males, which are usually the larger sex, will require more
energy during development in order to survive to fledging, and therefore will suffer
increased mortality when environmental conditions are poor (Clutton-Brock 1986, 1991,
Weatherhead and Teather 1991). The second model (‘females-die’) suggests that
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females, being smaller than males, are at a competitive disadvantage in the nest, and are
outcompeted by their brothers when conditions are poor (Dhondt 1971, Oddie 2000).
Zanette et al. (2005) suggest that when cowbirds are present in a nest, the ‘females-die’
model explains the male-biased sex ratios that result. However, my results are more
consistent with the ‘males-die’ model. My data indicate that when in competition with a
larger conspecific, both male and female host nestlings grow poorly. Female nestlings
are sometimes more resistant to poor environmental conditions than males (Tschirren et
al. 2003). In this case, the females appear to be more starvation-resistant—female
mortality is not increased in the poor conditions imposed by the added nestling, but male
mortality is.
On the other hand, if cowbirds, in addition to being larger than host nestlings, use
size-independent cues to attract extra attention from the parents, it is not clear why this
would increase female mortality without at the same time further increasing male
mortality beyond the level seen in my results. If males do poorly under poor conditions,
as seen in the present experiment, why would making the conditions worse improve their
lot? More to the point, why would males be able to outcompete their sisters in the
presence of a cowbird, but not in the presence of a larger added nestling, if the cowbird
might be even more difficult to compete against than the added nestling is?
One explanation may be that the parents alter their feeding decisions when a
cowbird is present in the nest. Holen and Johnstone (2007) make the case that non
evicting brood parasites that are reared with host offspring might have an incentive to
advertise their presence to the host parents through signals that the host offspring have
difficulty copying. Their model shows that if the costs of additional parental investment
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in the nest are low, and there is reason to suspect that the nest has been parasitized by a
superior competitor, increasing parental investment can improve the reproductive
success of the parents by reducing the chances that host nestlings will starve. Both host
and parasite nestlings will benefit from the extra investment, if the parents invest more
when parasitized, but are unable to disfavour the parasite offspring during feeding. The
behaviour of adult or nestling cowbirds might alert host parents to the presence of a
parasite in their nest, triggering this strategy. Parents of some species may infer the
presence of brood parasites in their nests from observing the adults of brood-parasitic
species at the time of egg-laying (Fraga 1998, Davies 2000, Davies et al. 2003). Parasite
nestlings may also alert host parents that they have been parasitized by the production of
exaggerated begging signals, but while cowbirds are known to produce such signals, it is
not known whether their hosts can use these signals to discern that their nests have been
parasitized (Davies 2000).
It might seem counterintuitive that parents would accept and continue to feed a
parasite nestling if they are alerted to its presence. It seems more likely that they would
refuse to feed it if they can individually identify it, or abandon the nest if they can only
identify that they have been parasitized, but cannot pick out the parasite among their own
brood. However, there is a large literature explaining why host parents often do not
reject brood parasite offspring (reviewed in Davies 2000). For example, recognition
errors might reduce the parents’ reproductive success if they ejected or abandoned their
own offspring. Many brood parasites, such as the common cuckoo evict host offspring
from the nest, such that they are reared alone, and parents that recognize that they have
been parasitized will often abandon their nest or evict the parasitic egg (Davies 2000).
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Since cowbird nestlings do not evict host nestlings, and host nestlings often survive to
fledge (Zanette et al. 2007), abandonment of a nest that is likely to contain a brood
parasite may cost the parents more in terms of reproductive success than raising the
parasite nestling would. Furthermore, cowbirds are known to destroy the offspring in
unparasitized nests (Zanette et al. 2007), and will also destroy nests in which the
parasitic egg has been ejected (Hoover and Robinson 2007). Given that cowbird chicks
do not usually reduce song sparrow reproductive success to zero, having a cowbird
nestling in the nest may prevent destruction of the nest by adult cowbirds, providing host
adults with a strong incentive to accept the parasitic nestling (Zahavi and Zahavi 1997).
However, it must be noted that brown-headed cowbirds are a fairly recent invader in
most areas of North America. They are native to the central plains areas of the continent,
and spread when much of the land was converted to agriculture by European settlers over
the last few hundred years (Davies 2000). It is not known to what extent the cowbird’s
non-plains host populations, including the coastal populations of song sparrow, have
adapted to respond to the cowbird’s behaviour in that short window of time (Davies
2000).
If song sparrow parents are able to determine that their nest contains, or is likely
to contain, a cowbird nestling, they might adjust their behaviour to compensate. The
chance that a male song sparrow nestling will survive to fledging is influenced by its
condition as a nestling, but the same is not true for females (Hochachka and Smith
1991). The parents may therefore respond to poor conditions (such as those caused by
brood parasitism) by feeding males preferentially (Clotfelter 1996, Smiseth et al. 2003,
Stamps 1990). However, the addition of the larger conspecific in my study is not likely
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to alert the parents to the possibility of brood parasitism; the appearance of the
conspecific was not preceded by a visit by a brood parasitic adult, and I have shown that
the added conspecific does not appear to present the exaggerated begging cues of a
cowbird nestling, so the parents are unlikely to respond to an added conspecific as
though the nest has been parasitized. Cowbirds cause stressful rearing conditions
(Dearborn 1998, Dearborn et al. 1998), and I have shown that the added conspecific also
generates poor conditions for the host nestlings. However, because host parents are
unlikely to recognize the conspecific as a parasite, they are unlikely to alter their
behaviour to preferentially feed the male host nestlings. As a consequence, the male host
nestlings may not get enough food, and suffer a higher rate of mortality.
Another reason why 1 did not find male-biased sex ratios in nests with a larger
conspecific may be that the cowbird imposes conditions that are not as detrimental to
male host offspring as those imposed by the added conspecific. The presence of a
cowbird nestling can lead to an increase in begging intensity at the nest (Kilner 2003).
Previous research suggests that cowbird nestlings exaggerate begging signals such as
amplitude and rate of begging calls (Briskie et al. 1994, Dearborn 1999), and that host
nestlings may in turn exaggerate some or all of these components when in competition
with a cowbird (Pagnucco et al. 2008), presumably to prevent the brood parasite from
monopolizing parental provisioning (Hauber and Kilner 2007). The increase in overall
begging intensity may stimulate the parents to bring more food to the nest (Dearborn et
al. 1998, Kilpatrick 2002, Glassey and Forbes 2003). And again, the parents may
recognise that they are being parasitized and respond by bringing more food to the nest
to minimize their losses (Holen and Johnstone 2007). In any case, if the parents are
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bringing more food to the nest, it is likely that at least some of that food will end up in
the mouths of the host nestlings, and the males may get just enough extra food to ensure
their survival. The males would then be able to outcompete their sisters, and the females
would suffer a higher rate of mortality, as was observed by Zanette et al. (2005).
However, I have found that the added conspecific nestling, despite obtaining a large
share of the food, does not have size-independent exaggerated begging behaviours that
would stimulate the parents to bring extra food to the nest. Without that extra food, the
male nestlings may be weakened and unable to beg at the intensity necessary to
outcompete their sisters.
In support of this conjecture, I found that in addition nests host males beg later
and host females beg earlier, but in control nests the reverse is true (Fig. 2). This might
be an indication that the males in addition nests are weakened and enervated by the lack
of food, which makes them slower to respond to the parent’s arrival than their sisters.
Begging quickly in response to stimuli increases the chances that a nestling will be fed
(Dearborn 1998), and so the slow begging start of males may further reduce the amount
of food they receive. This may, in turn, further diminish their ability to compete. I
observed that the male host nestlings were fed more than female host nestlings, when
males and females were together in the same nest, although male and female begging
heights and postures were similar. This may indicate that the parents recognize and
favour feeding male nestlings to some extent. There is some evidence that avian parents
can sometimes differentiate between sons and daughters while making feeding decisions
(reviewed in Stamps 1990). If song sparrow parents do favour male nestlings, it may
provide males with an initial advantage over the females in a cowbird-parasitized nest
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that allows them to make use of the extra food the cowbird may be stimulating the
parents to bring. However, the favouring of male nestlings is, based on my observations,
not enough to provide the males with an advantage when the competitor is an added
conspecific. That may be because the added conspecific does not stimulate the parents
to bring extra food.
Further research into the effects of brood parasitism on host begging and parental
provisioning would help to explain why particular nest conditions lead to males-die and
females-die results. A direct comparison of parental provisioning rates and food
allocation between male and female nestlings in nests with either added conspecifics or
cowbird nestlings would indicate whether cowbirds increase the amount of food that is
provided to the host nestlings, and whether the male nestlings are being given the
majority of this extra food. Tracking food allocation over the entire nestling period,
instead of just on day 5, would also answer questions about how male/female
competition dynamics change over time as the nestlings age, and help to show why
females suffer higher mortality in cowbird-parasitized nests. Additionally, if the parents
do recognise cues that tell them when their nests are parasitized (e.g. presence of adult
parasites at the nest, audio and visual cues from the nestlings), identifying these cues and
presenting them artificially at nests containing added conspecific nestlings should cause
the parents to respond to the conspecific as though it were a cowbird, which may
demonstrate how parental behaviours influence the outcome of competition at cowbirdparasitized nests. Alternatively, adding cowbird nestlings to song sparrow nests when
the cowbirds are a similar size to the sparrows may reveal the same changes in parental
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behaviour, as well as test the effectiveness of the cowbird’s begging behaviour when it
does not have a size advantage over its nestmates.
In this study, I measured the amount of food provided to the nestlings in terms of
the number of times each one was fed, but I was unable to quantify the size or caloric
value of the food items because they were often not visible. Previous research has
sometimes made visual estimates of the quantity of food provided by the parents (e.g.
Dearborn 1998), but more objective measures of food quantity and quality during
begging are not usually available except when nestlings are fed in captivity (e.g. Searcy
et al. 2004). Direct measurement of the mass and nutritional value of food items
provided to host and parasite nestlings could be performed by removing food from the
crops of recently-fed nestlings (Seel 1969), or by blocking the movement of food past
the crop with collars fitted to the nestlings for that purpose. Direct measurement of the
quantity and quality of food provided to the host and added nestlings would allow a
better analysis of how food distribution in the nest affects the growth and survival of
male and female host nestlings.
In summary, when a large conspecific nestling was added to just-hatched song
sparrow nests, there was no evidence that this larger added nestling caused increased
female nestling mortality, but there was decreased growth of host nestlings in general,
and increased male nestling mortality. This demonstrates that the male-biased sex ratios
observed when song sparrow nests are parasitized by cowbirds do not come as a result of
the cowbird’s large size alone, even though a large added competitor negatively affects
the host nestlings in a sub-lethal fashion. It is likely that some size-independent aspect
of the cowbird’s behaviour or appearance influences the feeding decisions of the parents,
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which leads to high female mortality. This result has implications for the understanding
of the effects of brood parasites on passerine demographics, because it shows that the
results obtained by Zanette et al. (2005) may be specific to the song sparrow-cowbird
system, and therefore cannot be generalized. Since a large brood parasite that does not
possess the cowbird’s size-independent begging traits does not produce male-biased sex
ratios in host nests, there is evidence that it is the response of the parents to sizeindependent traits that leads to male-biased sex ratios. Since parental response to those
traits is likely to vary between species (reviewed in Dearborn and Lichtenstein 2002), the
effects of cowbird parasitism on host demography are likely to be idiosyncratic to
particular species, and therefore difficult to predict.
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